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Tumor cells expressing TLRs Is generally recognized to mediate tumor inflammation. However, whether and how tumor 
TLR signaling pathways negatively regulate tumor inflammation remains unclear. In this report, we find that TLR4 
signaling of H22 hepatocarcinoma tumor cells is transduced through MyDSS pathway to actin cytoskeletons, leading to 
the release of microparticles (IVlPs), the cellular membrane-derived vesicles. As a result, tumor macrophages take up IVlPs 
and acquire IVlP-contained microRNA let-7b, which attenuates tumor inflammation by targeting proinflammatory 
cytokine IL-6. Thus, tumor TLR signaling, contrary to the original promoting effect, may play an opposite role in 
downregulating tumor inflammation through IVIP pathways. 



Introduction 

Despite its role in promoting the initiation, promotion, and 
progression of tumorigenesis,''^ tumor inflammation must be kept 
in check lest the catastrophic damage from uncontrolled 
inflammation. Obviously, ways, means and mechanisms are 
needed to keep the persistent low-grade inflammation within the 
tumor microenvironment. However, the exact mechanisms 
underlying the regulation of tumor inflammation are still 
incompletely understood. Toll-like receptors (TLRs), the fun- 
damental signaling pathway that triggers inflammation, have been 
demonstrated to be generally expressed in tumor cells with 
functional activities.^'' In this respect, it is clear that the existence 
of its numerous ligands in the tumor microenvironment,''"^ 
including various fragments of degraded extracellular matrix 
(ECM) components, extracellular heat shock proteins (HSPs), 
high mobility group box 1 (HMGBl), and extracellular nuclear 
materials, points at TLR signaling as the most likely mediator of 
tumor inflammation. However, whether and how tumor cell TLR 
signaling negatively regulates tumor inflammation has hitherto 
remained unclear. 

Besides tumor cells, innate immune cells, such as macrophages 
and dendritic cells, also act as important cell types regulating 
tumor inflammation.^ ' However, it remains unclear if and how 
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tumor cells synergize with such inflammatory cells to orchestrate 
tumor inflammation. Recent studies have highlighted small non- 
coding RNAs, called microRNAs that play a critical role in 
regulating inflammation by binding to mRNA 3'-UTR of the 
target proinflammatory gene so as to inhibit their expression at 
translational levels.'"'" Interestingly, microRNAs are not 
restricted to their parent cells but can also be transferred to other 
single cells for functional expression through multiple transferring 
pathways, including microparticle mediated pathways.'^ ''' 

Studies have shown that during apoptosis or even when simply 
activated, eukaryotic cells shed vesicles of components of the 
plasma membranes encapsulating cytoplasmic elements into the 
extracellular space. '^ '^ These vesicles, known as microparticles, 
vary from 100 to 1000 nm in size.'^ Consistent with the primary 
cellular components, MPs also contain enzymes, proteins, RNAs 
and even DNAs, and are capable of transferring messenger 
molecules including microRNAs from one cell to another,'''^' 
functioning as vectors for delivering molecular messages among 
cells. Given the propensity for tumor cells to ubiquitously express 
inflammation-regulating microRNAs, ^^'^' in this study, we 
hypothesized that tumor cell-derived MPs transferred inflam- 
mation-regulating microRNAs to macrophages, thus tuning 
tumor inflammation. We showed that TLR4 signaling triggered 
the release of MPs by hepatocarcinoma tumor cells, which 
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transferred microRNA let-7b to macrophages and resulted in the 
downregulation of proinflammatory cytokine IL-6. 

Results and Discussion 

H22 hepatocarcinoma tumor cell TLR4 signaling induces 
generation of MPs through MyD88-dependent pathway. 

Among TLR family members, TLR4 is typically highly expressed 
in tumor cells. ^ Here, we wondered whether the activation of 
tumor cell TLR4 signaling induces the production of tumor MPs. 
To determine this possibility, a TLR4-expressing murine 
hepatocarcinoma tumor cell line H22 was tested here,'* using 
microbeads of 0. 1 and 3 |lm as gating standards in order to count 
the number of MPs (Fig. lA). After 48 h culturing in the 
presence or absence of different concentrations of LPS, the 
supernatants were harvested and analyzed by flow cytometry for 



any release of MPs. The result showed that upon 0.1 or 1 |ig/ml 
LPS stimulation, the release of MPs was significantly increased, 
compared with control groups (Fig. lA). To further convince this 
result, we used acetylcholine esterase ELISA kit, an alternative 
approach used for the quantitation of cellular vesicles,^'' to 
evaluate the quantity of MPs. Consistently, the levels of 
acetylcholine esterase was higher in the MPs from LPS stimulated 
group than those from PBS group (Fig. IB). To exclude the 
possibility that the released MPs above were derived from LPS- 
induced cell death, we additionally analyzed the apoptosis of LPS- 
stimulated H22 tumor cells by flow cytometry. The result showed 
that 0.1 or 1 Hg/ml LPS did not induced H22 cell apoptosis after 
48 h (Fig. IC). Therefore, TLR4 signaling does in fact stimulate 
the release of MPs in H22 tumor cells. But because both MyD88- 
dependent and TIR-domain-containing adaptor-inducing IFNy 
(TRIF)-dependent pathways may transduce LPS signal,^^ it was 
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Figure 1. LPS induces H22 tumor cells releasing MPs through MyD88 dependent pathway. (A) LPS stimulated tumor cells releasing MPs. H22 tumor cells 
were cultured with 0.1 or 1 ng/ml LPS for 48 h. The MPs in the supernatants were analyzed by flow cytometry. In this assay, 3 nm and 0.1 |^m microbeads 
were used as standard to gate MPs. The representative was shown in the left panel and the relative number of MPs released by H22 tumor cells was 
shown in the right panel. The detailed was described in the Materials and Methods. (B) MPs were quantitated by acetylcholine esterase assay. H22 tumor 
cells were cultured in the presence of different concentration of LPS. 48 h later, MPs were isolated from the supernatants to determine AchE levels 
by ELISA kit. (C) H22 tumor cells were cultured in the presence of different concentration of LPS. 48 h later, tumor cells were collected for apoptosis assay 
by flow cytometry. (D) The knockdown of MyD88 by MyD88 siRNA in H22 tumor cells was confirmed by western blot. (E) Blocking MyD88 rather than TRIE 
signaling pathway decreased the release of MPs by LPS. MyD88 siRNA-transfected or TRIE inhibitor-treated H22 tumor cells were stimulated with LPS 
(0.1 ng/ml) for 48 h. The released MPs in the supernatants were determined by flow cytometry. *, p < 0.05; **, p < 0.01. 
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necessary to further clarify and pin point the exact role of TLR4 
downstream signaling to mediate the release of MPs. To this end, 
the expression of MyD88 in H22 tumor cells was knocked down 
by siRNA technology (Fig. IB). The knockdown of MyD88 
expression resulted in a significant decrease of MP production 
(Fig. IC). This result was corroborated when TRIP inhibitors, 
used to block TLR4-TRIF signaling, were found not to affect the 
production of MPs (Fig. IC), suggesting, in turn, that the 
MyD88 pathway acts as the only adaptor molecule to transduce 
TLR4 signaling for MP release. 

TLR4 signaling activates actomyosin cytoskeleton for MP 
generation. Next, the attention was directed at how TLR4 
signaling resulted in the release of MPs by H22 tumor cells. Given 
the important role played by cytoskeletons in cellular exocyto- 
sis,^^'^' we here questioned whether TLR4 signaling relied upon a 
cytoskeletal signaling in order to induce MPs generation. To test 
this, we treated H22 tumor cells in the presence of LPS with 
cytochalasin D to disrupt F-actin polymerization and blebbistatin 
to inhibit myosin II activity, considering the critical role of F-actin 
assembly and myosin II activation in cytoskeleton remodeling. As 
expected, the addition of either cytoskeleton inhibitor substan- 
tially decreased the production of MPs by LPS (Fig. 2A and B). 
In line with these data, we found that upon TLR4 activation, 
phosphorylated myosin light chain (pMLC), a marker for the 
active form of myosin 11,^" was materially induced (Fig. 2C). 
However, the blockade of TLR4 signaling by MyD88 siRNA 
inhibited the expression of pMLC (Fig. 2D). Taken together, 
these data suggested that tumor cell TLR4 signaling mediates the 
generation of MPs via F-actin/myosin II pathway. But does this 
actually lead to the regulation of inflammation? 

Tumor cell TLR4 signaling-induced MPs inhibit proinflam- 
matory IL-6 production of LPS-stimulated macrophages. To 
address question above, we concentrated on tumor-infiltrating 
immune cells, especially macrophages, which are both (1) central 
players in the development of tumor inflammation and (2) 
capable of taking up MPs. Using LPS to stimulate macrophages, 
with or without TLR4-triggered, H22 -released MPs, showed that 



the addition of MPs did not resulted in the alteration of 
proinflammatory cytokines IL-1(3 and IL-12 at the mRNA and 
protein levels (Fig. 3A-C). Interestingly, however, the expression of 
IL-6 was significantly suppressed at the protein levels rather than 
mRNA levels (Fig. 3A and D). These data suggested that H22 
tumor cell TLR4 signaling-induced MPs might affect tumor 
inflammation by inhibiting IL-6 production of macrophages. 

Tumor cell TLR4 signaling-induced MPs includes abundant 
microRNAs. Because microRNAs regulate gene expression at the 
translational levels and normally not at the mRNA levels, the 
above IL-6 regulatory pattern promoted us to question whether 
TLR4 signaling-induced tumor cell MPs contained tumor cell 
microRNAs, leading to the regulation of IL-6 expression. To test 
this, we first isolated total RNAs from TLR4 signaling-induced 
MPs for miRNA microarray analysis. Based on the array result, 
miR-574-5p, let-7b, miR-125a, miR-24, miR-709, miR-191, 
miR-690, miR-1224 were shown to be abundant in MPs. Then, 
we used RT-PCR method to verify the array data, and the first 
three microRNAs with the highest expressional levels, namely, 
miR-574-5p, let-7b and miR-125a were checked. In contrast to 
miR-574-5p and miR-125a, which were not detected in the 
experiment settings, let-7b was shown a marked expression 
(Fig. 4A). Given that reports had clearly demonstrated that IL-6 is 
the target of let-7b,^^'^' it was not far-fetched to suggest that 
TLR4 signaling-triggered, tumor cell-released MPs must 
somehow transfer let-7b to macrophages, leading to the down- 
regulation of IL-6 expression. In addition, we here also confirmed 
that LPS stimulation did not affect the expression of let-7b by 
H22 tumor cells (Fig. 4B), suggesting TLR4 signaling only affects 
the formation of MPs and but not let-7b expression in H22 
tumor cells. Therefore, although LPS stimulation certainly 
affected the formation of MPs, it also, significantly, transferred 
let-7b to macrophages aUowing the conclusion that this may be 
the mechanism for the downregulation of IL-6. 

Tumor cell-released MPs downregtdate IL-6 expression by 
transferring let-7b to macrophages both in vitro and in vivo. To 
further elucidate the above conclusion, we labeled peritoneal 
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Figure 2. TLR4 signaling activates actomyosin cytosl<eleton for iVlP generation in H22 tumor cells. (A and B) Cytoskeleton inhibitors hindered MP 
generation by LPS in H22 tumor cells. H22 cells were incubated with LPS (0.1 or 1 ng/ml) in the presence of cytochalasin D (Cyto D) or blebbistatin 
(Blebbi) for 48 h. The released MPs were determined by flow cytometry. The result represented three independent experiments. (C) The phosphorylation 
of myosin II light chain (MLC) in H22 tumor cells. H22 cells were exposed to LPS (0.1 |jg/ml) for 0, 5, 15, 30, 60 and 90 min and subjected to western blot 
with anti-pMLC antibody. (D) Phosphorylation of MLC was MyDSB dependent. MyD88 siRNA-transfected H22 cells were stimulated with 0.1 ng /ml LPS 
for 30 or 60 min. The phosphorylation of MLC (pMLC) was determined by western blot. 
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Figure 3. Tumor cell TLR4 signaling-induced MPs inhibit proinflammatory IL-6 production of LPS-stimulated macrophages. (A) Tumor cell TLR4 signaling- 
induced IVIPs had no effect on proinflammatory cytokines at mRNA levels. RAW264.7 macrophages were treated with H22 tumor cell-derived MPs, 
lOOng/ml LPS, or both for 12 h. The mRNA expression of proinflammatory cytokines IL-1|3, IL-6, IL-12 was detected by RT-PCR. (B-D) H22 tumor cell 
MPs inhibited IL-6 protein production of LPS stimulated macrophages. H22 tumor cell-derived MPs were co-cultured with RAW264.7 macrophages 
in the presence of LPS (1 |xg/ml) for 48 h. The supernatants were harvested to detect IL-1 (3, IL-6 and IL-12 by ELISA. Experiments were repeated 
three times and results were expressed as mean ± SD. 



macrophages with PE-conjugated anti-F4/80 antibody (red) and 
H22 tumor cells with CSFE (green). We found that H22 derived 
MPs were taken up by macrophages (Fig. 4C). To validate these 
in vitro data in vivo, TLR4 signaling-induced MPs were labeled 
with membrane red fluorescent dye PKH26 and injected into 
H22 tumors. Six hours later, tumor infiltrating leukocytes were 
isolated for flow cytometric analysis. As expected, F4/80* 
macrophages were also shown PKH26 positive (Fig. 4D), 
suggesting that macrophages are capable of taking up tumor 
cell-derived MPs in tumor microenvironment. This was corrobo- 
rated by the different time points when incubated macrophages 
and TLR4 signaling-induced MPs and determined let-7b in 
macrophages. Macrophages selves did not express let-7b (Fig. 4E). 
However macrophages, after taking up MPs, were shown to 
express let-7b (Fig. 4F). Interestingly, this "transfection like" 
phenomenon was transient and only observed within the first 6 h 
by RT-PCR (Fig. 4F), supporting the exogenous source of let-7b. 

Then, we clarified that the exogenous let-7b was functional and 
mediated the downregulation of IL-6 in macrophages. For this 
purpose, we constructed let-7b inactive MPs by LPS stimulating 
H22 tumor cells that had been transfected with let-7b inhibitor or 
control oligonucleotide transfection. Interestingly, let-7b inactive 
MPs could not decrease the protein levels of IL-6, whereas control 
MPs still remained the inhibitory effect on IL-6 expression in 
LPS-stimulated macrophages (Fig. 4G), suggesting that TLR4 
signaling-induced MPs indeed transfer functional let-7b to 
macrophages for IL-6 downregulation. Besides in macrophages, 
the total IL-6 levels in tumor tissues were also measured, in 
consideration of the fact that the MPs also contained other 
microRNAs. As shown in Figure 4H, the gross IL-6 levels were 
decreased after the injection of control MPs, and the injection of 
let-7b inactive did not influence IL-6 levels in tumor tissue. 

While most evidence points to inflammation as a promoter of 
carcinogenesis, there is contrary evidence to suggest an antitumor 
role for inflammation.^^'^^ Moreover, undue inflammation may 
also jeopardize tumor development. Therefore, tumors need a 
precise and perhaps narrow window whereby they can exploit, 
remodel or re-tune local inflammation so as to favor their 



insatiable uncontrollable growth. This report illustrates one of 
such mechanisms in that tumor cells release MPs that exquisitely 
lower tumor inflammation via transferring tumor microRNAs to 
nearby macrophages. The biosynthesis of MPs is a ubiquitous 
cellular event governed by patho/physiological conditions and 
upon extrinsic or intrinsic stimulations.^"'^' Regardless of the 
existence of numerous signal molecules in tumor microenviron- 
ment, the definite signal(s) to trigger MP production by tumor 
cells still remains elusive. In this study. Tumor cell TLR4 
signaling is identified as one, even if not the primary type 
responsible for MP production. This may have important 
implications, considering the existence of abundant ligands for 
TLR4 in tumor microenvironment. Perhaps more significantly, 
though TLR signaling has been demonstrated to be the fundamental 
pathway mediating inflammation, the findings here suggest that 
tumor cells also employ TLR, especially in the form of TLR4, to 
decrease inflammation. In conclusion, we propose that a relative 
homeostasis for inflammation is kept in tumor microenvironment 
via MPs' loop, namely, the generation of MPs as the consequence of 
tumor inflammatory signaling, in turn, weakens tumor inflam- 
mation by targeting tumor inflammatory cells. 

Materials and Methods 

Animals and cell lines. BALB/c mice aged 6 to 8 weeks old were 
purchased from the Center of Medical Experimental Animals of 
Hubei Province (Wuhan, China) for studies approved by the 
Animal Care and Use Committee of Tongji Medical College. 
Murine tumor cell line H22 (hepatocarcinoma), RAW264.7 
(macrophage) were purchased from China Center for Type 
Culture Collection (CCTCC, Wuhan, China) and cultured 
according to their guidelines. 

Generation and isolation of MPs. MPs were prepared as 
described before.^'' Briefly, H22 tumor cells were cultured in the 
presence or absence of 0.1 or 1 (J.g/ml LPS for 24 h. The 
supernatants were harvested and centrifuged for 10 min at 600 g 
to get rid of cells and then for 2 min at 14,000 g to remove debris. 
At last the supernatant was further centrifuged for 60 min at 



690 



Oncolmmunology 



Volume 1 Issue 5 



CO in n ra 

=? 4 lo c 

2000bps. . < :s ^5 

i«i a: ct (k Dl 

500bps c p p p ^ 

250bps « E E E Z 

100bps M M 



B 



(-) 



LPS 



let-7b 
U6 
125 
(D o 100 
■S'S 75 
1^ 50 
q: 8- 25 



PE-F4/80 



CFSE-MPs 



Confocal 













V j 


A 


B 


C 



D 



N. C. 



MPs 



PKH26-MPS 





0.12 




0.12 




11.4 




■■^69.0 








0.84 



let-7b 



■> FITC-F4/80 




F 

let-7b 
U6 

let-7b 
U6 



0 1 3 6 12 hs 




RAW264.7 



Peritoneal M0 



LPS 
MP 

MP/inhibitor 



Figure 4. Tumor cell-derived MPs downregulate IL-6 expression by transferring let-7b to macrophages. (A) let-7b was highly expressed in H22 tumor cell- 
released MPs. Five X 10' H22 tumor cells were stimulated with LPS (1 |ig/ml) for 48 h and MPs in the supernatant were harvested for the RNA isolation. 
RT-PCR was conducted to detect the expression of miRNAs miR-574-5p, let-7b and miR-125a. U6 snRNA was used as control. (B) LPS stimulation did not 
affect the expression of let-7b in H22 tumor cells. H22 cells were treated with various concentrations of LPS (0.1, 0.5 and 1 ng/ml). Twelve hours later, 
total RNA were isolated to detect let-7b expression by RT-PCR (upper) and real time RT-PCR (bottom). (C) MPs were taken up by macrophages in vitro. 
CFSE-labeled H22 tumor cells were stimulated with LPS (0.1 |xg/ml). The released MPs were collected and incubated with macrophages for 6 h. 
After stained with PE-conjugated anti-F4/80 antibody, cells were observed under confocal microscopy. (D) MPs were taken up by macrophages in vivo. 
MPs released by LPS-stimulated H22 tumor cells were stained with PKH26 and injected into peritoneal cavity of H22 tumor cell ascites bearing BALB/c 
mice. Six hours later, peritoneal cells were harvested and incubated in cell culture dish for 2 h to get rid of non-adherent cells. Adherent cells were 
collected and stained with FITC-conjugated F4/80 antibody for flow cytometric analysis. (E) The expression of let-7b in macrophages was analyzed by RT- 
PCR (upper) and real time RT-PCR (bottom). (F) MPs mediated the transfer of Let-7b to macrophages. H22 tumor cell-derived MPs were incubated with 
RAW264.7 or peritoneal macrophages for different times. The expression of let-7b in cells was analyzed by RT-PCR. (G and H) The inactivation of let-7b 
relieved the suppression on IL-6. H22 tumor cells were transfected with let-7b inhibitor. Twenty-four hours later, cells were treated with 0.1 ng/ml 
LPS to generate MPs. The MPs were then incubated with RAW264.7 cells in the presence of LPS for 36 h. IL-6 was determined in the supernatants 
by ELISA (G). Or the MPs were injected into tumor site. Thirty-six hours later, tumor tissues were minced and the supernatants were subjected to ELISA 
for the determination of IL-6 (H). 
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14,000 g to pellet MPs. The pellets were washed three times and 
re-suspended in in 300 ^il pre-filtered (0.1 \xm) PBS for the 
experiments. 

Count of MPs. Isolated MPs were suspended in 250 (xl PBS 
with 1 (il LB30 and LBl Polystyrene Latex Beads (Sigma-Aldrich). 
After mixing, the number of MPs was counted by a flow cytometer 
in accordance with their respective bead sizes. The forward and 
side scatters were set at logarithmic gain. Three micrometer beads 
were gated as PI and 0.1 [J,m beads were gated as P2. The number 
of MP was calculated as P2/P1 + P2 x total events. 

Acetylcholine esterase assay. 10^ H22 tumor cells were 
cultured in the presence of different concentration of LPS for 
48 h. MPs in the supernatants were isolated and lysed with 1% 
NP-40 containing protease inhibitor cocktail (Sigma-Aldrich). 
After centrifugation, the levels of AchE in the supernatants were 
determined by AchE ELISA kit (Hyperheal Biotech) according to 
the manufacturer's instructions. 

Apoptosis assay. H22 tumor cells were cultured with or 
without 0.1 or l(,ig/ml LPS. After 48 h, cells were collected and 
stained with FITC-conjugated Annexin V and propidium iodide 
(PI) for flow cytometric analysis. 

microRNA microarray. MPs were prepared as described above. 
Total RNA was isolated from MPs by using Trizol agent 
(Invitrogen). The microRNA microarray was performed according 
to our previous study.^'' Briefly, RNA samples were labeled with 
fluorescent dyes cy3 and hybridized with microRNA comple- 
mentary probes printed on glass slide (Shanghai Bio Corporation). 
After hybridization, the slides were scanned with PerkinElmer 
ScanArray Scanner (PerkinElmer), and the images were analyzed 
with GenePix software. Each sample was assayed twice in 
triplicate per array. 

Labeling of MPs. Isolated MPs were labeled with a red- 
fluorescent cell linker (PKH26, Sigma) according to the 
manufacturer's protocol. 

Western blot. Cell lysates and prestained molecular weight 
markers were separated by SDS-PAGE followed by transfer onto 
nitrocellulose membranes. The membranes were blocked in 
TBST (Tris-buffered saline with 0.5% of Triton X-100) 
containing 5% nonfat milk, and probed with antibodies. 
After incubation with the secondary antibody conjugated with 
horseradish peroxidase, membranes were extensively washed, and 
the immunoreactivity was visualized by enhanced chemilumin- 
escence according to the manufacturer's protocol (ECL kit, Santa 
Cruz). Antibody p-actin (SC-47778) was purchased from Santa 
Cruz, MyD88 (T3223) from Epitomics, and phosphorylated 
myosin light chain 2 from Cell Signaling (3674) 

ELISA (ELISA). The amounts of IL-ip, IL-6 and IL-12 
in the supernatants were determined by ELISA kits (R&D 
Systems). In some cases, tumor tissues were homogenized in PBS 



(0.5 ml) containing 100 |.lm PMSF (Sigma), 1% (vol/vol) 
aprotinin (Sigma), 2 |J,g/ml leupeptin (Sigma), and 1 Hg/ml 
pepstatin (Sigma). After centrifugation, the supernatants were 
assessed. 

Analysis of microRNAs by RT-PCR and quantitative RT- 
PCR. Total microRNAs were isolated from MPs or H22 
tumor cells using microRNA isolation kit (Ambion). Reverse 
transcription primers for miR-574— 5p, let-7b, miR-125a 
were designed, respectively, with RNA mfold version 2.3 
server (supplementary information), and its specificity was 
identified according to our previous study. One hundred 
nanograms of enriched microRNA was used for the cDNA 
synthesis. A 67-bp cDNA product was amplified by PCR with 
primers: miR-574-5p, 5'-TCTGAGTGTGTGTGTGTG-3' 
(sense); let-7b 5'-CTCTGAGGTAGTAGGTTG-3' (sense); 
miR-125a, 5'-TAGTCCCTGAGACCCTTT-3' (sense); com- 
mon antisense primer, 5'-GACTGTT CCTCTCTTCCTC-3'. 

For real-time PCR, the above primers and the Taqman 
probe [6-FAM]TTGCGACTAC ACACACACACACA[BHQla- 
6FAM] were mixed with TaqMan® Universal PCR Master Mix 
(Applied Biosystems). The reaction mixtures were incubated at 
95°C for 10 min, followed by 40 cycles of 95°C for 15 sec and 
60°C for 1 min in Stratagene QRT-PCR instrument. 

Transfection assay. MyD88 siRNA, miR-let-7b inhibitor and 
the corresponding scrambled control oligonucleotides were 
purchased from RiboBio Corporation. In brief for transient 
transfection, 200 pmol of synthesized oligonucleotide was mixed 
with 100 ml of Nucleofector solution (Amaxa, Gaithersburg, 
MD, USA), and transfected into 5 x 10*^ H22 tumor cells by 
electroporation using Nucleofector instrument. After transfection, 
cells were allowed to recover by incubating for 4 h at 37°C, and 
then used for the following assays. 

Statistics. Results were expressed as mean values plus or minus 
SD and interpreted by repeated-measure ANOVA. Differences 
were considered to be statistically significant when the p value was 
less than 0.05. 
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